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A method for ultrasonic measurement of the flow of liquid and/or gaseous 
media and an apparatus for implementing thereof 



Field of the invention 

The present invention relates to measuring technique, in particular, to 
methods for ultrasonic measurement of the flow of liquid and/or gaseous media 
and to apparatuses for implementing thereof 
Background of the invention 

It is known a method for ultrasonic measurement of flow velocity based 
on simultaneous operation of two sync rings in one electroacoustical channel 
one of which operates downstream, the other - upstream the flow (see USSR 
Author Certificate 802709, Int. CI. GO IF 1/66, 1981). 

The known method does not provide, however, a sufficient accuracy of 
measurement of the flow velocity on base of which it is possible to appreciate 
the flow of liquid and/or gaseous medium. 

In respect of a technical essence the closest prior art to the proposed 
method is an ultrasonic frequency-pulse method for measurement of the flow 
consisting in formation in one measuring channel of two sync rings switching in 
a radiation of ultrasonic oscillations downstream relative to the flow of the 
medium to be measured downstream and upstream thereof, reception of the 
oscillations passed through the medium and conversion of them into an 
electrical signal, herewith electrical signals in each sine ring are transmitted via 
a communications line, measurement of frequency of signals following in each 
sync ring, and detennination of a value of the flow is made according to a 
difference in measured frequencies (see Russian patent JsTi* 2104498, Int. CI. 
GOlFl/66, of February 16, 1993). 

The known method does not provide, however, sutTicient accuracy of 
measurement of medium flow, since the measurement is performed only 
according to results of analysis of electrical signals converted from ultrasonic 
oscillations passed directly from one transducer to other one that reduces 
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functionality of the method and does not provide determination of the flow 
velocity in different points of a pipe cross section. 

It is known an ultrasonic frequency-pulse flowmeter comprising a flow 
transducer made in form of two electroacoustic transducers mounted on a 
measuring section of a pipeline and coupled with an electronic block via a 
communications line, as well as asynchronous switches mounted in parallel to 
input and output of a communications line (see Russian patent 2104498, Int. 
CI. GO IF 1/66, of February 16, 1993). 

The known apparatus does not provide, however, a sufficient accuracy of 
measurement of the flow of medium since it does not provide for determination 
of the flow velocity in different points of a pipe cross section. 

In respect of the technical essence the closest to the proposed apparatus 
prior art is an ultrasonic flowmeter comprising first and second piezoelectric 
emitters mounted on a measuring section of the pipeline at an angle to its axis, a 
power amplifier being coupled via a first frequency multiplier with a second 
piezoelectric emitter, a continuous wave oscillator, two filters, a first phase 
shifter coupled with first input of a phase-meter, a second frequency multiplier 
coupled with a second input of the phase-meter output of which is coupled with 
an indicator, first an second piezoelectric receivers, first and second limiting 
amplifiers, a second phase shifter, a modulator and a square- wave generator (see 
USSR Author Certificate 1599659, Int. CI. GOlFl/66, of August 22, 1987). 

However, and this known apparatus does not provide high accuracy of the 
measurement of flow of substance since the measurement is made only on one 
way of passage of ultrasonic oscillations in a measuring section of a pipeline and 
is not made on other ways. Therefore is not provided the measurement of 
orthographic epure of flow velocity along a pipe cross section. 

Moreover, in the known technical solutions axes of the directional 
diagrams of ultrasonic transducers are not perpendicular to the longitudinal axis 
of pipeline, and external radiating surfaces are not combined with an inner 
surface of the pipeline. 
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This results in formation of hollows which distort a profile of the flow and 
collect pollutions. 
Disclosure of the invention 

The basis of the invention is a task of increasing reliability and an 
accuracy of measurement of the flow of liquid and/or gaseous medium owing to 
decreasing distortions of the profile of liquid and/or gaseous medium and to 
eliminating pollutions. 

This task is solved by the fact that in accordance with the first invention a 
method for ultrasonic measurement of the flow of liquid and/or gaseous media 
comprises radiating ultrasonic oscillations downstream or upstream relative to 
the flow of the medium to be measured, receiving oscillations passed through 
the medium with conversion into electrical signals, and radiating ultrasonic 
oscillations upstream or downstream of the medium to be measured, receiving 
oscillations passed through the medium with subsequent conversion into 
electrical signals, analyzing said electrical signals to determine difference in 
time for passage of ultrasonic oscillations downstream and upstream for 
calculation of the flow of the medium, wherein at least two reversible 
electroacoustic transducers are used, each of them having a directional diagram 
with a beam angle of not less than 60'' in different cross section planes and being 
positioned on a measuring section of a pipeline in such a manner that the axis of 
the directional diagram is mainly perpendicular to the longitudinal axis of the 
pipeline, the first reversible electroacoustic transducer is displaced relative to the 
second downstream at a distance of not more than 2.5 D, where D is the 
diameter of the pipeline, wherein said analysis is carried out in respect to 
electrical signals converted from ultrasonic oscillations passed directly from a 
transducer to a transducer and/or electrical signals converted from ultrasonic, 
oscillations passed through single and/or multiple reflection from an inner 
surface of the pipeline. 

In accordance with the second invention an ultrasonic flowmeter 
comprises a block for forming and analyzing electrical pulses, which is 
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electrically coupled to at least two reversible electroacoustic transducers, each of 
which having a directional diagram for radiation and reception with a beam 
angle of not less than 60" in cross section planes and being positioned on a 
measuring section of a pipeline in such a manner that the axis of the directional 
diagram is mainly perpendicular to the longitudinal axis of the pipeline, the first 
reversible electroacoustic transducer is displaced relative to the second 
downstream at a distance of not more than 2.5 D, where D is the diameter of the 
pipeline, wherein an external radiating surface of each reversible electroacoustic 
transducer is mainly combined with an inner surface of the pipeline, besides the 
first and the second reversible electroacoustic transducers are positioned on one 
generatrix of the pipeline with provision for the passage of a pulse of ultrasonic 
oscillations from one to the other after n-fold reflection, wherein n is an integer 
up to 20, from the inner surface of the pipeline, the first and the second 
reversible electroacoustic transducers are positioned on different generatrices of 
the pipeline with provision for the passage of a pulse of ultrasonic oscillations 
from one to the other directly and/or after m-fold reflection, wherein m is an 
integer up to 20, from the inner surface of the pipeline, besides the block for 
forming and analyzing electrical pulses comprises a controller electrically 
coupled to at least two channel transceivers, two ADCs, a pulse generator, an 
indicator and an interface block, herewith the pulse generator is electrically 
coupled to channel transceivers, each of which is mutually linked to a 
corresponding ADC and to a corresponding electrical coupling input-output of 
the block for fonning and analyzing electrical pulses with a reversible 
electroacoustic transducer. 

The essence of the invention is that an implementation of the proposed 
apparatus in the above manner allows realizing a necessary sequence of 
operations due to which one is provided a measurement of the epure of flow 
velocities along the pipe cross section that significantly increases the accuracy 
of measurement. 



Besides, a combination of the external radiating surface of each 
reversible electroacoustic transducer with the inner surface of the pipeline 
eliminates formation of the hollows ("pockets"), distortions of the profile of the 
flow and pollutions. 
Brief description of the drawings 

Fig, 1 illustrates a structure of the proposed apparatus and its functional 
block diagram. 

Fig. 2-4 illustrate variants of positioning electroacoustic transducers. 
Best variant of embodiment of the inventions 

A method for ultrasonic measurement of the flow of liquid and/or 
gaseous media comprises radiating ultrasonic oscillations downstream or 
upstream relative to the flow of the medium to be measured, receiving 
oscillations passed through the medium with conversion into electrical signals 
and storing them, and radiating ultrasonic oscillations upstream or downstream 
of the medium to be measured, receiving oscillations passed through the 
medium with subsequent conversion into electrical signals and storing them, as 
well as analyzing said electrical signals to determine difference in time for 
passage of ultrasonic oscillations downstream and upstream for calculation of 
the flow of the medium. 

It should be noted that herewith at least two reversible electroacoustic 
transducers are used, each of them having a directional diagram with a beam 
angle of not less than 60^* in different cross section planes and being positioned 
on a measuring section of a pipeline in such a manner that the axis of the 
directional diagram is mainly perpendicular to the longitudinal axis of the 
pipeline, the first reversible electroacoustic transducer is displaced relative to the 
second downstream at a distance of not more than 2,5 D, where D is the 
diameter of the pipeline. 

Herewith said analysis is carried out in respect to electrical signals 
converted from ultrasonic oscillations passed directly from a transducer to a 



transducer and/or electrical signals- from ultrasonic oscillations passed through 
single and/or multiple reflection from an inner surface of the pipeline. 

The ultrasonic flowmeter comprises a block 1 for forming and anal> zing 
electrical pulses which is electrically coupled to at least Iwo reversible 
electroacoustic transducers 2 and 3 each of which having a directional diagram 
for radiation and reception with the beam angle of not less than 60** in differenl 
cross section planes and being positioned on a measuring section 4 of a pipeline 
in such a manner that the axis 5 of the directional diagram is mainly 
perpendicular to the longitudinal axis 6 of the pipeline. 

The first reversible electroacoustic transducer 2 is displaced relative to 
the second 3 downstream at a distance of not more than 2,5 D, where D is the 
diameter of the pipeline, and each of them is electrically coupled to the block I 
for forming and analyzing electrical pulses. 

An external radiating surface of each reversible electroacoustic 
transducer 2 and 3 is mainly combined with an inner surface of the pipeline. 

The first and the second reversible electroacoustic transducers 2 and 3 
may be positioned on one generatrix of the pipeline with provision Ibr the 
passage of a pulse of ultrasonic oscillations from one to the other after n-ibld 
reflection, wherein n is an integer up to 20, from the inner surface of the 
pipeline. 

Besides, the flrst and the second reversible electroacoustic transduceis 2 
and 3 may be positioned on different generatrices of the pipeline with provision 
for the passage of a pulse of ultrasonic oscillations from one to the other directly 
or after m-fold reflection, wherein m is an integer up to 20, from the inner 
surface of the pipeline. 

11ie block 1 for forming and analyzing electrical pulses comprises a 
controller 7 electrically coupled to at least two channel transceivers 8 and 9, two 
ADSs 10 and 1 I, a pulse generator 12, and indicator 13 and an interface block 
14. 
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As a controller 7 may be used the standard digital signal processor of the 
ririn "Motorola" of DSP56309 - type. The channel transceivers 8 and 9 are 
designed for receiving and amplifying electrical signals from a generator 12 and 
reversible electroacoustic transducers 2 and 3. As an interface block 14 may be 
used the integrated circuit MAX 1480 of the firm "Maxim". 

The pulse generator 12 is electrically coupled to channel transceivers 8 
and 9 each of which is mutually linked to a corresponding ADC and to a 
corresponding electrical coupling input - output 15-1 and 15-2 of the block 1 for 
forming and analyzing electrical pulses with corresponding reversible 
electroacoustic transducers 2 and 3. 

The apparatus comprises a power block (is absent in Fig. 1) which may 
be positioned as in the block I for forming and analyzing electrical pulses and 
outside of it. 

As reversible electroacoustic transducers may be used the transducers of 
MA40 series of the Japan firm "Murata". 

The apparatus operates in the following manner. 

In accordance with a program written in ROM of the controller 7 is 
driven the generator 12, from one of outputs of which come rectangle pulses to 
input of the channel transceiver 8 from output of which the amplified electrical 
signal comes to the reversible electroacoustic transducer 2. The last radiates 
ultrasonic oscillations having a directional diagram with a beam angle of not less 
60" in different cross section planes. 

It should be noted that of the entire beam of ultrasonic oscillations of the 
transducer 2(3) having a directional diagram beam angle a>60" in dilTerent cross 
section planes are used only the beams which fall into the transducer 2(3) 
directly or after "n" or "m"-fold retlection from the inner surface. The ultrasonic 
signal which passed downstream the flow of the medium to be measured witii 
one-fold reflection of the beam 16 comes to the transducer 3 from output of 
which the electrical signal comes to the channel transceiver 9 which amplifies 
this signal and transmits it to ADC I 1 . From output of ADC I 1 a digitized signal 
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comes to the controller 9 and is stored in its random access memory. 
Analogously after coming pulses from the generator 12 to the second channel 
transceiver 9 and from its output to the reversible electroacoustic transducer 3 
takes place the radiation of ultrasonic oscillations upstream the flow of medium 
to be measured and their coming along a return way of the beam 16 to the 
electroacoustic transducer 2. 

From output of the last electrical signals come via input - output 1 5- 1 
and the channel transceiver 8 to ADC 10 and further come into RAM of the 
controller 7. In the controller 7 takes place analysis of received electrical signals 
for determining difference in time for passage of ultrasonic oscillations 
downstream and upstream. According to this difference is calculated the flow of 
liquid and/or gaseous media. On the indicator 13 are displayed the result of the 
measurement of the flow of medium as well as different technological 
parameters. The interface block 14 serves for transmitting data from the 
flowmeter to external network. 

In the proposed flowmeter radiating and receiving surfaces of the 
ultrasonic transducers 2 and 3 are maximum combined with the inner surface of 
the measuring section 4 of the pipeline and are positioned in parallel to the axis 
6 of the pipeline that eliminates formation of the hollows ("pockets") and 
distortions of the profile of the flow. 

The proposed structure has also another advantage: from one beam of an 
ultrasonic pulse are discriminated n-beams which pass n-ways with different 
time delays relative to a sent signal, herewith are realized n measurement 
channels that allows to realize more accurate measurement of the How. In the 
flowmeter with two transducers 2 and 3 mounted on one generatrix of the 
pipeline at a distance from each other, for example, 1,4 D, where D is the 
diameter of pipeline, the beam 17 will be the first which will come along the 
shortest way and which being reflected from an opposite wall of the pipeline, 
two beams will be the second ones which will come and which have passed 
along three chords with double reflection from the wall of the pipeline, herewith 



one of them will come clockwise, the second will come counter - clockwise. The 
controller 7 according to a shift in time between them calculates lateral 
components of the flow. The fourth and fifth beams will be the beams which 
will come and which have passed four- fold reflection from walls of the pipeline 
etc. The beam angle being equal to and more than 60" is selected to provide the 
passage of beams 17 and 18 from the transducer 2 (3) to the transducer 3 (2) 
along chords with double and more- fold reflection. 

With help of the controller 7 is calculated the velocity in different cross 
sections of the pipeline, is determined the epure of the flow, is taken into 
account a degree of flow swirling, and is determined the flow of medium with a 
minimum error. 

In case of mounting four ultrasonic transducers 2, 3, 19, 20 (Fig. 4) 
increases the number of measuring channels. Selection of location of mutual 
positioning of ultrasonic transducers is determined by an experiment and 
depends on peculiarities of the flow of the medium to be measured. 
Industrial applicability 

The described advantages of proposed technical solutions allow them the 
possibility of wide commercial usage in the field of measuring technique for 
measuring the flow of liquid and/or gaseous media and may be used when 
developing ultrasonic flowmeters of different types. 



